Abstract This study was performed to determine the differences between two commercial species of fish harvested off near the Kharg Island (one of the largest oil terminals in the world) in the Persian Gulf in terms of toxic metals, macro, and trace elements. Samples were analyzed using inductively coupled plasma-optical emission spectrometry (ICP-OES). The results showed that Ca, Li, Mg, P, Se, Sn, Sr, and Zn concentrations were significantly different between the skin and muscle tissues of Scomberomorus guttatus but with the exception of P, there was no significant difference between element levels in the skin and muscle tissues of Otolithes ruber. The S. guttatus contained significantly higher levels of As, Sn, Se, and P in the muscle tissue and Zn in the skin tissue compared to the muscle and skin tissues of Otolithes ruber. The estimated daily intake of the toxic elements including As, Cd, Sb, Pb, and Sn via consumption of these fish were below the established guidelines but due to the potential contamination by oil activities near the island, continuous and permanent monitoring in this region is highly recommended.
Introduction
There is an increasing concern about the quality of foods in some parts of the world. The measurement of toxic elements in different foods has prompted researches to study the toxicological effects of these elements in food. Heavy metals (HMs) are considered as one of the most critical contaminants of the aquatic ecosystem because of their potential to enter water bodies and also their bioaccumulation and biomagnification in the food chain (Olojo et al. 2005) . Fish are commonly situated at the top of the food chain and are considered as a susceptible aquatic organism to toxics present in water (Alibabic et al. 2007 ). Moreover, the increasing importance of aquatic food including fish as protein sources extended the focus toward aquatic ecosystem. So, in recent years, much attention has been focused on the levels of HMs in fish and other food to determine the hazard effects of HMs for human health. HMs can enter into water bodies and aquatic ecosystems through drainage, atmosphere, soil erosion, and all human activities by different ways. Contaminants including HMs enter fish body through several main routes: via gills, non food particles, skin, and oral consumption of water. These metals concentrate at different contents in organs of fish body. Some metals such as iron, copper, zinc, and manganese are essential for biological systems such as enzymatic activities, whereas, other HMs like arsenic, lead, cadmium, and tin have no known important role in living organs and are toxic even in trace amounts (Fernandes et al. 2008) . Essential metals must be taken up from water, food, or sediment by fish for its normal metabolism (Canli and Atli 2003) . However, these metals can also have adverse and toxic effects at high concentration (Tüzen 2003) . Heavy metal levels of fish body have been broadly studied (Canli and Atli 2003; Fernandes et al. 2008; Mansour and Sidky 2002; Tüzen 2003) and its distribution varies between fish species (Kagi and Schaffer 1988) .
Two commercial important species of fish in the Persian Gulf are including Scomberomorus guttatus (Indo-Pacific king mackerel) and Otolithes ruber (tiger tooth croaker) fish. S. guttatus is found in the Indo-West Pacific, Persian Gulf, India, and Sri Lanka to Southeast Asia, north of Hong Kong and Wakasa Bay, Sea of Japan, and Gulf of Thailand. They are a pelagic species and tending to migrate locally around the beach and sometimes entering turbid estuarine areas. Juveniles of S. guttatus feed mainly on teleosts, especially anchovies, while adults prey mainly on fish with small quantities of squids and crustaceans. O. ruber is found in the West Indian Ocean from the east to Queen's lands of Australia and Japan except the Red Sea, across the Persian Gulf coastal area, and Oman Sea. They live in the marine coastal area water and mostly on the muddy surfaces and rivers mouths (Collette and Nauen 1983; Fischer and Bianchi 1984) . Food of O. ruber consists of such crustaceans as shrimp and other invertebrates. Juveniles of O. ruber feed mainly on zoobenthos while adults prey mainly on small fish and crustaceans (especially shrimp).
Fish muscle tissue is not always a suitable indicator of the whole fish body contamination and, therefore, it is important to examine other tissues, such as skin. To our knowledge, S. guttatus and O. ruber fish in the Persian Gulf have not been examined in detail for different content of heavy metals, macro, and trace elements in their skin and muscle tissues. As fish from the Persian Gulf serve as the main source of protein for people living in this region (including Iran in the north and Arabic countries in the south of the Persian Gulf), we measured the heavy metals, macro, and trace elements in the skin, and muscle tissues of these two species of fish that harvested off near the Kharg island, one of the largest oil terminals in the world. In this study we report the Ag, Al, As, B, Ca, Cd, Cu, Fe, Li, Mg, Mn, Na, Ni, P, Pb, Sb, Se, Si, Sn, Sr, and Zn concentrations of the skin and muscle tissues of the mentioned fish to monitoring contaminants accumulation in the edible tissues as well as the nutrition values of these fish.
Materials and methods

Sample collection and preparation
Fish samples including S. guttatus and O. ruber were harvested and collected near the Kharg island, one of the largest oil terminals in the world, in the Bushehr province. Kharg Island Hormuz Strait Fig. 1 Location of sample points near the Kharg Island in the Persian Gulf is located 25 km off the coast in the Bushehr province of Iran and 483 km in the northwest of the Hormuz Strait (Fig. 1) . About 20 % of the world's petroleum, and nearly 35 % of the petroleum traded by sea, passes through the Hormuz Strait, making it a highly important strategic location for international oil trade. This island provides a sea port for the export of the Iranian oil. The mean weight and length (mean±SD) of fish were 905±25.4 g and 39.3±4.3 cm for S. guttatus and 965± 31.8 g and 42.1±5.1 cm for O. ruber. The fish were brought to the laboratory and washed with distilled water. Muscle and skin were dried, homogenized, and ground first with a meat grinder and later, with a mortar and pestle to a fine powder.
Reagents HNO 3 (65 %) and H 2 O 2 (30 %) were of supra pure quality (Merck, Darmstadt, Germany). All the plastic and glassware was cleaned by soaking in dilute nitric acid and rinsed with distilled water before use. All solutions were prepared using ultrapure water (resistivity 18.2 MΩ cm).
Analytical procedures
A weighed sample (1 g) of dry skin and muscle powder was mixed with 4 ml 30 % of H 2 O 2 and 8 ml of 65 % HNO 3 in a Teflon container and the samples were digested by boiling until all the contents dissolved. After cooling to room laboratory temperature, the solution was filtered through filter (a 0.45-μm nitrocellulose membrane filter) and transferred to an acid-washed volumetric flask (25 ml) and ultrapure water was added to bring the final sample volume up to 25 ml. Blank digest was also performed in the same way. Analysis of the elements including Ag, Al, As, B, Ca, Cd, Cu, Fe, Li, Mg, Mn, Na, Ni, P, Pb, Sb, Se, Si, Sn, Sr, and Zn was carried out by inductively coupled plasma optical spectrometry (ICP-OES). In Table 1 , details of the instrumental operating conditions are presented. All heavy metal, macro, and trace element concentrations were expressed as micrograms per gram wet weight (ww). Statistical analysis of data was carried out with the statistical package for the social sciences (SPSS) and independent sample t test and Pearson's correlation coefficient were performed for statistical significant differences. Differences in mean values were accepted as being significant if P<0.05.
Results and discussion
The heavy metal, macro, and trace element concentrations in the muscle and skin tissue samples of the S. guttatus and the O. ruber are presented in Table 2 .
As shown in Fig. 2a , b, the orders of heavy metal, macro, and trace element concentrations of O. ruber were P > Na > Ca > Mg > Zn > Sr > Al > Fe > Si > Cu > Se > Ag > B > As > Ni > Cd > Pb > Mn > Sb > Li > Sn in the muscle and P > Ca > Na > Mg > Zn > Sr > Fe > Al > Si > Mn > Se > Cu > As > Ni > B > Ag > Pb > Sb > Li > Sn in the skin.
In the case of S. guttatus, the orders of heavy metal, macro, and trace element levels of fish were P > Mg > Na > Ca > Zn > Si > Fe > Sr > As > Se > Al > Cu > Mn > B > Pb > Ni > Sn > Cd > Sb > Ag > Li in the muscle and Ca > P > Na > Mg > Zn > Sr > Al > Fe > Si > Cu > As > Mn > B > Ag > Se > Ni > Cd > Sb > Li > Sn in the skin (Fig. 2c, d) . Recently, considerable studies have been done to determine the distribution of heavy metals, macro, and trace elements in different aquatic ecosystems and different parts of fish body (Dobaradaran et al. 2010 (Dobaradaran et al. , 2011 Dural et al. 2007; Mansour and Sidky 2002; Mendil et al. 2010; Saei-Dehkordi and Fallah 2011; Santos et al. 2013; Tüzen 2003; Tuzen et al. 2009; Yilmaz . 2007 ). However, there is no consensus among the published reports. This may be due to different factors including location of capture and habitats, species, water concentration of elements, growth rate, metal accumulation, and detoxification mechanism (Marin-Guirao et al. 2008) . In a recent study, the accumulation of trace elements in different organs of fish including muscle, skin, and gills of four edible fish species from the Rawal lake Reservoir, Pakistan, in a different season was described. The accumulation of trace metals in different organs of fish in pre-monsoon was lower than in post-monsoon. In pre-monsoon season, the trace metals followed the order Zn > Pb > Fe > Cr > Ni > Mn > Co > Cu > Cd > Li, while in the post-monsoon, the order was Fe > Pb > Cr > Ni > Zn > Cu > Co > Mn > Cd > Li (Malik et al. 2014 ).
The results of the present study showed that with the exception of P (with higher level in the muscle tissue of fish (P<0.05, Fig. 2a-d) there were no significant difference (P>0.05) between heavy metal, macro, and trace element levels in the skin and muscle tissues of the O. ruber (Table 3) while Ca, Li, Mg, P, Se, Sn, Sr, and Zn concentrations were significantly different (P<0.05) in the skin and muscle tissues of S. guttatus (Table 3) (Ca, Li, Sr, and Zn concentrations were higher in the skin tissue of fish, Fig. 2a-d) . Our study showed S. guttatus contained significantly higher concentrations of As, Se, Sn, and P in the muscle tissue and Zn in skin tissue (P<0.05) compared to muscle and skin tissues of O. ruber (Table 3) .
The elements such as iron, copper, zinc, and manganese are essential for biological systems such as enzymatic activities and functional and structural roles, whereas, elements like lead, cadmium, and arsenic are known as potentially toxic (Fernandes et al. 2008) . The skin tissue of S. guttatus contained significantly higher concentrations (P<0.05) of Zn and Ca compared to the muscle tissue of S. guttatus but the muscle tissue of S. guttatus contained significantly higher levels (P<0.05) of Mg, Se, and P compared to the skin tissue of S. guttatus. There were no significant differences (P>0.05) between Mn, Fe, Cu, and Na concentrations in the skin and muscle tissues of S. guttatus (Table 3 ). In the case of O. ruber, with the exception of P (with higher concentration in the muscle tissue of fish) (P<0.05), there were no significant differences between Se, Zn, Mn, Ca, Fe, Cu, Na, and Mg concentrations in the skin and muscle tissues of O. ruber (Table 3 ). The concentrations of Se and P in the muscle tissue of S. guttatus compared to O. ruber were higher and significantly different (P<0.05) but no statistically significant differences (P>0.05) were observed in the Mn, Ca, Fe, Cu, Na, and Mg levels between O. ruber and S. guttatus tissues (both skin and muscle tissues); while the skin tissue of S. guttatus contained significantly higher concentration (P<0.05) of Zn (Table 3) . The difference in accumulation potential between skin and muscle of fish can be due to greater tendency of the element to react with the proteins that are present in the skin and muscle tissues of these fish (Uysal et al. 2008; VisnjicJeftic et al. 2010) .
The similar pattern has ben extensively reported in several studies for different species (Brucka-Jastrzêbska et al. 2009; Jarić et al. 2011; Verep et al. 2007; Visnjic-Jeftic et al. 2010) . In a report, the accumulation of heavy metals in the muscle and bone of four fish species from the central Adriatic Sea were measured. Perugini et al. found no significant variations of heavy metal concentrations including As, Cd, Cu, Pb, Zn, Hg, and Se in the muscle of the examined species, but a significant difference was found for Cd, Pb, Se, and As levels in the bones of the examined fish species (Perugini et al. 2014) . In another study in the Pagasitikos Gulf in Greece, heavy metal concentrations in two fish species were determined. Significant differences were detected between two examined fish species' tissues concerning Cu and Zn levels (Giannakopoulou and Neofitou 2014) . The essential trace element levels of Fe, Mn, Cu, Zn, and Se in the skin and muscle tissues of fish samples were found as 2.34-4.8 μg/g for Fe, 0.18-0.74 μg/g for Mn, 0.59-0.98 μg/g for Cu, 7.04-53.15 μg/g for Zn, and 0.5-1.04 μg/g for Se. Various previous studies have reported the essential element contents of different fish species samples. For example, in a study, the levels of Cu, Zn, and Se have been reported as 0.65-2.75. 38.8-93.4, and 0.19-0.85 μg/g, respectively (Tuzen 2009 ). In another report, the contents of these elements were found 1.10-2.50 μg/g for Cu, 7.57-34.4 μg/g for Zn, and 0.96-3.64 μg/g for Se .
Se is an essential element and acts as a regulator of thyroid hormone metabolism, antagonistic role to the toxicological effects of mercury, antioxidant, and anticarcinogenic (Khan et al. 1987) . The Se concentration in our study was below the recommended toxicity threshold for aquatic biota (i.e., 10 μg/ g of dry weight) (Pyle et al. 2005) . Ni is not an essential element but in a few trace levels, it may be useful to activate some enzyme systems. Chronic intake of Ni can be associated with increased risk of lung cancer (Expert Group on Vitamins and Minerals (EGVM) 2003). The level of Ni in the skin and muscle tissues of S. guttatus compared to the skin and muscle tissues of O. ruber were not significantly different (P>0.05); also, there was no significant difference (P>0.05) between the skin tissue and muscle tissue of every fish (Table 3) . Because of the unknown metabolic function in organism, Sr is not an essential element, but it can be used as a marker to differentiate between meat and fish due to the fact that its level is noticeably higher in fish than in meat (Carvalho et al. 2005) . The concentration of Sr was significantly higher (P<0.05) in the skin tissue compared to the muscle tissue of S. guttatus but no significant difference (P>0.05) was found in the Sr concentration between the skin and muscle tissues of O. ruber. Also, no statistically significant differences (P>0.05) were observed in the Sr concentration in the muscle tissues of fish as well as their skin tissues (Table 3 ). The concentrations of Al, Si, B, and Li in the skin and muscle tissues of S. guttatus compared to the skin and muscle tissues of O. ruber were not significantly different (P>0.05). Also, there were no significant differences (P>0.05) between the Al, Si, B, and Li concentrations in the skin and muscle tissues of O. ruber, but the skin tissue of S. guttatus contained significantly a higher level of Li compared to its muscle tissue. Some elements such as Ag, Cd, Pb, Sn, Sb, and As, classify as toxic elements and have no metabolic function but can be harmful for human health, even at low levels, if ingested over a long time period (Somers 1974) . The toxic element levels of Ag, As, Cd, Sb, Pb, and Sn in the skin and muscle tissues of fish samples were found as 0.09-0.54 μg/g for Ag, 0.36-1.17 μg/g for As, 0.19-0.33 μg/g for Cd, 0.1-0.14 μg/g for Sb, 0.19-0.41 μg/g for Pb, and 0.04-0.23 μg/g for Sn. In a study, the toxic element levels of Pb and Cd in fish species harvested off from the Black and Aegean Seas were found in the ranges of 0.33-0.93 and 0.45-0.9 μg/g, respectively (Uluozlu et al. 2007) . Fallah et al. also have reported the toxic levels of Pb, Cd, and As in edible tissues of farmed and wild rainbow trout in the ranges of 0.99-5.32, 0.00-1.21, and 0.00-3.56 μg/g, respectively . Another study has reported the levels of Pb and Cd in fish species harvested off from the Tokat Lake in the range of 0.7-2.4 and 0.1-1.2 μg/g, respectively (Mendil et al. 2005) . The concentrations of Sb and Ag in the muscle and skin tissues of S. guttatus were not significantly different (P>0.05) compared to the muscle and skin tissues of O. ruber. Also, the concentrations of Cd and Pb in the muscle tissues of S. guttatus and O. ruber were not significantly different (P>0.05). There were no significant difference (P>0.05) between the concentrations of Ag, Sb, and As in the skin and muscle tissues of every examined fish while the muscle tissue of S. guttatus contained significantly higher concentrations (P<0.05) of As and Sn compared to the muscle tissue of O. ruber. Also, results showed that the muscle tissue of S. guttatus had significantly higher levels (P<0.05) of Sn compared to its skin tissue. In a research, Mendil et al. measured heavy metal contents in four commercially fish species from the Black Sea. The concentrations of all examined trace metals such as Fe, Zn, Pb, Cr, Mn, Cu, Cd, and Co depended on the fish species. The metals followed the trend Fe > Zn > Mn > Cu > Cr > Pb > Co > Cd (Mendil et al. 2010) . In another study, significant difference was observed between two examined fish species tissues in term of Cd concentration (Giannakopoulou and Neofitou 2014) .
All examined heavy metals and toxic elements were found to be lower than the maximum level allowed in food that is recommended by WHO (WHO 1999) . Similar acceptable concentrations of heavy metal contents in different fish species have been reported (Dobaradaran et al. 2010; Perugini et al. 2014; Saei-Dehkordi and Fallah 2011; Uysal et al. 2008) . Though Mendil et al. have reported that the levels of lead and cadmium in the examined fish from the Black Seas were higher than the recommended limits while the concentrations of other examined metals were acceptable (Mendil et al. 2010) . In another study, the concentrations of Ni, Cr, and Pb in the muscle of all examined fish species were higher than the WHO guideline values (Malik et al. 2014) .
Dietary exposure assessment for the toxic elements and other elements through fish consumption was carried out by evaluating daily and weekly intakes. According to a report of the Fishery Statistics of Iran (Annual Fishery Statistics of Iran 2010), the fish consumption per day and week in Iran has been considered as 21 and 147 g, respectively. The estimated daily/ weekly intakes (EDI/EWI) due to consumption of the muscle of O. ruber and S. guttatus for an adult with 60-kg body weight are demonstrated in Table 4 and have been compared with the guidelines. All calculated EDI and EWI values revealed that the dietary exposure to toxic elements due to the consumption of these fish could be considered safe. EDI/EWI values for arsenic were calculated due to the total arsenic not inorganic arsenic. It is well known that most arsenic in fish is organic arsenic which is the less toxic form of arsenic. It has been reported that the percentage of inorganic arsenic in fish is between 0.02 and 11 % (Muñoz et al. 2000) whereas the WHO set a 3000 μg for a subject of 60 kg as the maximum acceptable daily load for arsenic (FAO/WHO 1989) . Results indicated that EDI/EWI values of examined toxic elements in the present study could be considered safe in comparison to the guidelines limits, so there is no health threatening concern due to consumption of S. guttatus and O. ruber in Iran. In another study in Iran, the estimated daily and weekly intakes of zinc, lead, and copper via fish consumption flesh from the Iranian market were below the established values by WHO (Saei-Dehkordi and Fallah 2011).
Conclusions
The results of the present study provides important information on the toxic, macro, and trace element accumulation in the skin and muscles tissues of O. ruber and S. guttatus harvested commercially off the Persian Gulf. Concentrations of some elements (Ca, Li, Mg, P, Se, Sn, Sr, and Zn) were significantly different between the skin and muscle tissues of the S. guttatus but with the exception of P, there were no significant difference between the element concentrations in the skin and muscle tissues of O. ruber. S. guttatus contained significantly higher levels of As, Sn, Se, and P in the muscle tissue and Zn in the skin tissue compared to the muscle and skin tissues of O. ruber. The estimated daily and weekly intakes of toxic elements such as As, Cd, Sb, Pb, and Sn showed that the safety of dietary intakes of these elements via consumption of these two important commercial species should be considered acceptable. Finally, in view of the potential contamination by the oil activities near the fishing points, continuous and permanent monitoring in this region is highly recommended.
